Combination between tissue engineering and other fields has brought an innovation in the area of regenerative medicine which ultimate aims are to repair, improve, and produce a good tissue construct. The availability of many types of scaffold, both synthetically and naturally have developed into many outstanding end products that have achieved the general objective in tissue engineering. Interestingly, most of this scaffold emulates extracellular matrix (ECM) characteristics. Therefore, ECM component sparks an interest to be explored and manipulated. The ECM featured in human amniotic membrane (HAM) provides a suitable niche for the cells to adhere, grow, proliferate, migrate and differentiate, and could possibly contribute to the production of angiogenic micro-environment indirectly. Previously, HAM scaffold has been widely used to accelerate wound healing, treat bone related and ocular diseases, and involved in cardiovascular repair. Also, it has been used in the angiogenicity study, but with a different technical approach. In addition, both side of HAM could be used in cellularised and decellularised conditions depending on the objectives of a particular research. Therefore, it is of paramount importance to investigate the behavior of ECM components especially on the stromal side of HAM and further explore the angiogenic potential exhibited by this scaffold.
Tissue engineering is a field that has gone through much advancement since 1990s. It started when the scientist began to expand the cells on a scaffold of the desired tissue region with the help of external inducer to re-engineer the tissue. Currently, the combination between tissue engineering and other fields such as cell biology, biomaterials and cell imaging have brought in a great transition in this field, even though the intention is still on improving and repairing tissue function [1] . Apart from the selection of scaffold, the types of cells and growth factors used need to be chosen correctly to ensure the success in tissue reconstruction [2, 3] .
The selection of the best scaffold is important and need to be synchronised with the end target of the research. Basically, scaffolds which are also known as matrices, should be able to improve, repair and regenerate tissue function caused by injury, inflammation or disease [1, 4, 5] . A good scaffold should also provide a better environment for cell adhesion, proliferation and differentiation by allowing enough and efficient transportation of oxygen, nutrients and regulatory factors [1, 6] . Besides, it needs to be biodegradable, biocompatible, and should provide structural integrity for both mechanical and physical strength [3, 7] . Scaffold that provides a 3D micro-environment must also mimic the real conditions to enable the cell's function [3] .
There are two types of scaffold, one made up of synthetic materials and the other, derived from a natural one. Examples of synthetic materials include poly(lactic acid), poly(glycolic acid) and polycaprolactone which are capable to sustain the growth of many types of stem cells due to their degradable fibrous structures [7] . Synthetic polymer has been shown to have a low possibility of contamination and readily to be engineered [8] . However, modification into highly porous scaffold in synthetic polymer is needed. Porosity of scaffold ensures the cells to interact efficiently with the environment [1] . Furthermore, scaffold porosity is important to support cell's growth, and important for cell seeding in vitro as well as for blood vessel invasion in vivo [5] .
In contrast, natural scaffold has a great biocompatibility and bioactivity [7] . Examples of natural scaffolds are gelatin, dextran and fibronectin, and the most commonly used, collagen [9] . However, some cells grown on collagen caused collagen contraction, leading to tight morphology on the surface and generating tension on matrices [9, 10] . Apart from its complex structure and lack of mechanical properties, natural polymer needs complicated technical approach to construct a good scaffold matrix [8] . Natural scaffold usually mimics extracellular matrix (ECM) in its structure [11] .
BIOLOGICAL SCAFFOLD IN ANGIOGENESIS
Angiogenesis becomes a subject of interest due to its importance in restoring the blood supply to the tissue. Angiogenesis is formation of new blood capillaries from pre-existing vessel caused by hypoxia, a phenomenon that occurs due to a limitation in the effective diffusion of oxygen as a result of the dysregulation of blood vessel by tissue injury, inflammation or disease [4, 5, 12] . Maintenance and complete restoration of oxygen and nutrition supply is important to increase the density of capillaries sprouting that would stimulate blood vessel formation. Pathogenesis might happen if there is insufficient and abnormal blood vessel formation [13] . For example, impairment in the blood supply of the tissue caused by restriction in a blood vessel leads to ischemia [14] . High degree of vascularity is needed to provide good tissue vitality and construct [15] . Therefore, it is necessary to select a good scaffold for angiogenesis study to allow optimum conditions for cell to maintain its high metabolic activity in a tissue [16] .
Jabbarzadeh et al. [17] used poly(lactic-co-glycolic acid) acid porous scaffold to promote blood vessel formation for bone repair by means of cell transfection. The other synthetic material commonly used is bioactive glass [18, 19] . Arkudas et al. [18] showed a newly and immature vascular network formation within bioglass with arteriovenous loop scaffold after 3 weeks of implantation in vivo. In another study, bioactive glass was coated with vascular endothelial growth factor (VEGF) and shown to increase blood vessel density, contribute in bone healing and indirectly improve angiogenesis as well as bone maturation [19] . VEGF is a well known growth factor which could stimulate endothelial proliferation, migration, permeability and adhesion which is vital in angiogenesis [20] . Another material, fabricated micro-channel of poly(D,L-lactic acid) scaffold, uses sacrificial sugar to allow oxygen and nutrients transportation throughout the structure, and directly contributed to endothelial cell adhesion, penetration and proliferation [21] .
Natural scaffold has also been used as a carrier to allow slow release of angiogenic growth factor by means of passive diffusion [5] . In one study, injectable scaffold of gelatin/tyramine/ heparin-modified hydrogels provided a sustained released of VEGF and retained its bioactivity over a long period of time, thus contributing to angiogenesis [22] . The same strategy had also been implemented by using other types of natural scaffold. VEGF released from fibrin matrix was reported to induce angiogenesis both in vitro and in vivo by up-regulating VEGFR2 expression at day 5-13 after transplantation and enhancing ischemic flap survival [23] . Even without the addition of growth factor, this natural scaffold, especially heparin, could still promote neovascularization [24] . Interestingly, a natural scaffold of human amniotic membrane (HAM) has been used to construct vascular graft in vivo [25] . Thus, this is an indicator of HAM potential in creating angiogenic micro-environment, but with slight modifications of the technical approaches.
HUMAN AMNIOTIC MEMBRANE AND ITS PROPERTIES
HAM, a thin natural scaffold consists of outer chorion and inner part consisting of basement membrane and avascular stroma [6] (Fig. 1 ). It has a thickness of 0.02 to 0.5 mm [26] without nerves and muscles [27] . The basement side is covered by epithelial cells on its surface while the stromal side is connect- Stromal side ed to a spongy layer [28] . ECM of HAM is rich in collagen types I, III, IV, V, and VII, laminin, fibronectin [6, 26, 28] , and components, including growth factors such as keratinocyte growth factor, basic-fibroblast growth factor (b-FGF), transforming growth factor-beta, nidogen growth factor and epidermal growth factor (EGF) [6, 29] . These components would provide an optimal surrounding for any cells to grow on HAM. HAM also gives no immunological reaction, and suitable to be used to treat patients [30] . Other than that, it has anti-microbial properties which help to protect the wound from infection [6, 27] .
Other properties of HAM include anti-scarring and anti-inflammatory [6, 27] . Besides, HAM can be easily obtained, processed, transported [6] , and its function can be maintained through several preservation methods [26] . The great advantage of HAM is, it allows transmission of water vapour and oxygen, which provide moisture to the transplantation surface naturally [30] . This physiologically moist micro-environment contribute directly towards the healing process [31] . Moreover, HAM which has a sponge-like structure, has good cytocompatibility allowing cells to proliferate normally [32] . In addition, HAM is suitable to be used in cell culture because of its optimal pore size, and it has an ability to absorb water directly thus imitates and provides a micro-environment in helping cell growth and proliferation [32] . The basement side of HAM has a tight pore structure, where the diameter size is approximately less than 0.5 µm while its stromal side shows large pore size between 0.5 µm to 2 µm and contains thick collagen fibers [25] . HAM stromal side is made up of larger fibril with loosely packed interstitial collagen matrix as compared to the basement side [33] . Interestingly, its basement mimics other basement part of the body, such as conjunctiva and gingiva [27] . Due to its thin and tough structure, it has been widely used for clinical application such as in assisting wound healing. Figure 2A showed bottled HAM scaffold after being exposed to 25 kGy gamma radiation. Figure 2B showed HAM scaffold incubated in media for in vitro study.
Moreover, the angiogenic factors profile released attribute by HAM is affected by the method of HAM preservation such as b-FGF, VEGF, or platelet-derived growth factor (PDGF) [34] . The ability of HAM in promoting endothelial cell proliferation, migration and differentiation proved that factors released from the ECM of HAM do not directly contribute to the inhibition of angiogenesis [35] . Therefore, this type of scaffold could be utilised in the construction of blood vessel and enhance endothelium function contributing to angiogenesis [36] .
APPLICATION OF HAM IN MEDICAL FIELD
Due to the magnificent characteristics of HAM, its usage in accelerating wound healing has begun since 1900s. Its ability in reducing water loss, protein and evaporative heat in wound area has made HAM into a usable temporary dressing, especially for wound healing [37] . Bose [38] used HAM as biological dressing for wound healing due to its availability, and its characteristic that could protect from infection, prevent fluid, protein and energy loss as well as to accelerate fibroblast migration and collagen development. Besides, HAM has been used for the construction of living skin equivalent (LSE) graft [39] . Their results show that LSE graft vascularised well on full-thickness wounds in vivo, suggesting that good epidermogenesis occur both in vivo and in vitro. Since HAM is a reservoir for growth factors and cytokines, HAM has been used together with other bone graft to repair bone fracture and resection [40] . In that particular study, HAM has been proven to generate new bone formation by bridging the bone defect. Another study conducted by Díaz-Prado et al. [41] claimed that cryopreserved HAM helps in human chondrocyte proliferation to repair osteoarthritis cartilage. Interestingly, they compared between the efficacy of using basement side and stromal side of HAM. Their results show that the cells that grew on basement side seemed to compete with the naturally existing epithelial cell, suggesting that the stromal side provides a better niche to promote cell proliferation. These results were concordant with other findings that also clarified the ability of HAM to resist shear force making it suitable for articular cartilage repair [42] .
Apart from wound healing, HAM has been manipulated widely in treating ocular diseases. Grueterich et al. [43] in their review stated that limbal stem cell deficiency can be treated by transplanting bio-engineered graft by seeding limbal epithelial stem cells ex vivo on intact HAM. They also reported that the basement side of HAM allows stem cell differentiation, thus suggesting the suitability of HAM in promoting cell differentiation. In addition, HAM has an ability to reduce ocular surface 
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inflammation as its stromal matrix suppressed interleukin gene family expression which are related to inflammation [36, 44] . This result proved that HAM has an anti-inflammatory effect and suitable to be used for ex-vivo limbal stem cell expansion [43] . HAM has the potential in helping the corneal endothelial cell transplantation, an approachable tool for improving vascular tissue engineering [6, 45] . Since HAM has high biocompatibility and unique composition of the ECM, it has been a reliable source of exploitation for vascular grafting in coronary artery bypass graft surgery [25] . Its tissue-engineered vascular graft using HAM was found to be cost-effective for vascular application. Besides, the integration between endothelial cells and ECM formed hemidesmosomelike structure which indicate firm basal adhesion due to the increment of integrin expression on basement HAM [36] .
HAM: CELLULARISED AND DECELLULARISED
3D scaffold of HAM is very unique because it can be used in both cellularised and decellularised conditions due to its own strength in tissue engineering application. The cellularised HAM, with intact amniotic epithelial cell, preserves its basic structure and serves as adhesion ligands and regulators, which are important in signal transduction in repairing damaged tissue area [46] . However, some of the researchers need to exclude external factor that might bring side effect to the damaged tissue area, termed as decellularisation. Decellularisation is important to block initiation factor involved in immunogenic response such as antigens, cellular components and soluble proteins, that contribute to low immunological response [1, 32] . The crucial part is to ascertain that the removal of this cellular material should not give any adverse effect towards scaffold mechanical strength, composition as well as biological activity [1] . There are several methods for decellularisation of HAM and each method varies and produces different outcomes between each other out of which some gives effect to the HAM basement side and its ECM structure [32, 47] . Hopkinson et al. [47] examined the efficacy of three different techniques in removing epithelial cells and look into the integrity of ECM. The results are impressive since the amniotic epithelial cells on the basement side are completely removed and give minimal damage towards ECM when using EDTA and thermolysin, both with gentle scraping, but not with dispase [47] . While another transplantation study using EDTA also shows concordant results with the one that applied the same technique using EDTA to decellularise HAM, in treating ocular disease [45] . EDTA has also been used to decellularise HAM for vascular grafting [25] . From this study, the vascular wall cells are able to attach and proliferate, thus, proves the biocompatibility characteristic of decellularised HAM [25] . Due to that factor, HAM had been used as permanent graft in replacing damage tissue area and as temporary patch for wound healing [48] . Burgos [49] found out that HAM has the angiogenic growth factor that facilitates in promoting angiogenesis by increasing neovascularization. The presence of angiogenic growth factor could be the main reason for use in biological dressing. In early 1980s, a study had been conducted to see the properties of ECM on HAM. Basement membrane contains the collagen type IV and V as well as laminin [33] . Collagen type IV together with laminin help in the rapid tubular formation which are very crucial in the angiogenesis process [11] . Interestingly, cells grown on the stromal side of HAM showed a different behaviour. It seems that the cells proliferate and migrate into the inner part of stromal and stop before reaching the basement side [33] . Other than that, the ECM could control and increase tube formation [11] . This statement is in concordance with the findings by Madri and Williams [33] , where the rat capillary endothelial cells, grown on the stromal side of HAM, formed tubelike structure in areas of high cell density if it was cultured for a long-term culture period (approximately about 3-4 weeks) while basement side showed faster tubular formation (approximately about 5 days). Formation of tubular-like structure suggests that there might exist interconnectivity between cells and ECM which could probably be due to the HAM scaffold porosity [1] .
ECM OF HAM

ADVANTAGES OF ECM
ECM which consists mainly of protein complex, glycoprotein and proteoglycan, had been used and referred to as a main model for developing and designing biomaterial scaffold [50] . The concern arises when cells grown on culture plates could not retain its original function in cell signaling and lose important regulators [32] . In contrast, cell grown on a 3D scaffold could tolerate well in micro-environment condition and sustain the cell function of cells [51] . ECM fulfills the basic requirement needed by cells due to its components. Collagen, one of the components in ECM, is necessary to allow cell proliferation and provides mechanical strength for cell adhesion and flexibility [32] . Integrin, an ECM receptor, is important for cell survival and migration [52] . It initiates the signaling event by binding to the cell surface, and mediates the interaction between the cells and ECM to generate a response that is essential in cell action and regulation [11, 32, 51, 53] . Bayless et al. [54] reported that αvβ3 and α5β1 integrin involved in endothelial cell morpho-genesis and regulate human endothelial cell vacuolation as well as lumen formation using fibrin matrix system, a system which imitates the wound micro-environment where angiogenesis happened [54] . In another study, the interaction between two molecule of ECM which are integrin and fibronectin give signal to the growth factor such as PDGF, EGF, and b-FGF which are involved in extracellular signal-regulated kinase (ERK) regulation [55] . Previously, fibronectin had been reported involved in vascular morphogenesis since it contained endothelium-line vasculature [56] . According to the PubMed literature search, there is no study conducted in investigating mechanisms of the ECM components of HAM during angiogenesis, but only one which converted the ECM of HAM into microparticles [57] . However, some studies confirmed that several ECM components do play their role in angiogenic mechanism. In a study, matrix metalloproteinase interferes angiogenesis via protein kinase B (AKT) pathway by inhibiting endothelial cell proliferation and reducing the formation of capillary-like structure [58] . In a review by Mavria et al. [59] , they mentioned that the down-regulation of Rho-kinase had led to the endothelial proliferation. Both of this study confirmed the involvement of AKT as well as ERK/MAPK pathway in angiogenesis [58, 59] .
CONCLUSIONS
HAM, a biological scaffold can be developed as a good scaffold to promote angiogenesis. It can be easily obtained, available abundantly and does not require any complicated process before the usage. Besides, HAM has a great biocompatibility due to the unique features shown by its ECM. Although there is no study that specifically indicates the direct involvement of HAM in angiogenic regulation, we believed the ECM components underlying in this scaffold could probably help in angiogenesis. From the previous finding, the ECM components do contribute to the angiogenic regulation. It gives clue to study further on the mechanism and understand the behavior of every molecule on HAM that involved in neovascularization. Hence, we would be able to exploit and use this membrane directly or develop other synthetic materials which have the same exact ECM components as such in HAM. The knowledge of ECM of HAM could be further explored for future prospect in regenerative medicine particularly in treating angiogenic disease. We postulate, HAM is not only helping cells to attach, proliferate and migrate, but it could also enable stem cells to differentiate into other types of cells.
FINAL DIRECTION
In health industry nowadays, people are looking towards prevention rather than medication and this idea is highly related with tissue regeneration. Consensus opinion amongst health operators and biomedical scientists is to find something or some ways to make regenerative medicine successful. Thus, many researchers are working on development of scaffolds for that purposes; synthetic or biological. As some teams are looking at the biological scaffold, they are learning many aspect of making synthetic scaffold mimicking the micro-environment possesses by the biological scaffold. This will eventually lead to the mass production of synthetic scaffold with similar induction towards tissue regeneration as biological scaffold and in this case, HAM. Besides angiogenicity, other tissue formation, such as osteogenecity, could also utilise HAM and its ECM components. In dentistry, the scanty knowledge on regenerative pulp tissue with regards to the suitable scaffold arouses curiosity among researchers. Among the concern is to regenerate adequate tissue vascularisation, which brought in the idea to look into the potential of HAM in promoting angiogenesis. Since the ECM of HAM allows cell attachment and helps the cell to differentiate into other types of cells, the potential of HAM can be well exploited. Moreover, HAM scaffold is available in plenty and affordable. In addition, the angiogenicity characteristic showed by HAM in previous study shows promise.
